Abstract Zoysiagrass displays good adaptability to its environment, and is utilized for golf courses and athletic fields. Immature inflorescences were obtained from 5 varieties of zoysiagrass, 'Miyako', 'Misato', 'Meyer', 'Yamato' and 'B14'. However, regenerated plants were only obtained in 'Miyako'. A relationship between the size of the inoculated inflorescences and the callus induction frequency was observed. A high frequency of callus formation was shown in earlier developmental stages shorter than 20 mm in the length of inflorescences in 'Miyako'. Plant regeneration was observed efficiently when the compact calli, which were formed in the callus induction medium (Linsmaier and Skoog 4 mg l Ϫ1 thiamine-HCl, 100 mg l Ϫ1 a-ketoglutaric acid, 2 mg l Ϫ1 2,4-D, 0.1 mg l Ϫ1 BA, 3% sucrose, 0.2% gelrite), were transferred to the regeneration medium (Linsmaier and Skoog 1 mg l Ϫ1 BA, 3% maltose, 0.5% gelrite) in 'Miyako'.
Zoysiagrass (Zoysia spp.) is a warm season turfgrass; mainly originating in Asia, including Japan, and utilized for golf courses and athletic fields. In turfgrass, tissue culture in vitro has been initiated from a wide range of explants, such as mature and immature embryos, shoot tips and immature inflorescences. In many cases, plant regeneration in zoysiagrass has been reported from seed explants (Al-Khayri et al. 1989; Asano 1989; Asano et al. 1996; Poeaim et al. 2004) . However, it is difficult to maintain the genotype of each variety for mainly outcrossing, when seeds are used to induce callus for explants. On the other hand, the regenerated plants derived from explants, such as immature inflorescence, usually maintain the genetic characteristics of the parent plants. Consequently, there are a number of reports concerning plant regeneration from immature inflorescence in many turfgrass species (Ahn et al. 1985 (Ahn et al. , 1987 Artunduaga et al. 1988 Artunduaga et al. , 1989 Chaudhury and Qu 2000; Dale et al. 1981; Dale and Dalton 1983; CreemersMolenaar et al. 1988) . However, there are no reports concerning plant regeneration from callus induced from immature inflorescences of zoysiagrass. The present investigation has thus been undertaken to establish such a plant regeneration system from immature inflorescences of zoysiagrass.
Experiment I: In April and May 2003, immature inflorescences yet to emerge were obtained from 5 varieties of zoysiagrass, namely 'Miyako', 'Misato', 'Meyer', 'Yamato' and 'B14', grown in our university field. The immature inflorescences (10-50 mm in length), exposed by the removal of the surrounding leaves, were surface-sterilized in 70% ethanol for 1 min, and 3% sodium hypochlorite with 2 drops of tween ® 20 for 10 min, and then rinsed twice with sterilized distilled water. The immature inflorescences were cultured on the basal LS media (Linsmaier and Skoog 1965) supplemented with 4 mg l Ϫ1 thiamine-HCl, 100 mg l Table 1 ). Two months after the initiation of the culture, calli were transplanted to LS medium supplemented with 1 mg l Ϫ1 BA, 3% maltose and 0.5% gelrite for regeneration. These transplanted cultures were incubated at 28°C in a 16-h photoperiod. For histological observations, the collected materials were fixed in FAA (a mixture of 50% ethanol, formalin and acetic acid in proportion 90 : 5 : 5), following which 15 mm thick sections were taken by the ordinary paraffin method and stained with 1% Safranine O and 0.5% Fast green (Kokubu et al. 1982 ).
Immature inflorescences from 5 genotypes had induced callus on all media 4 to 5 weeks after the initiation of culture. No significant differences were detected among the callus induction medium used (see Table 1 ). Although most calli formed in these experiments were friable, translucent and fast-growing, some calli developed only roots and turned brown 1 month after the culture initiation. This type of callus has been typically described as a monocotyledonous plant (Felfoldi and Purmhauser 1992) . The compact calli which were nodular and yellowish-white in color were produced only in 'Miyako'. Poeaim et al. (2004) reported that plant regeneration was observed after the compact calli derived from seeds of zoysiagrass were transferred to a regeneration medium.
Subsequently, calli isolated from explants were subcultured to the regeneration medium. Almost all of the calli turned brown and some survived calli developed only roots 1 month after subculture to the regeneration medium. In 'Miyako', regenerated shoots developed only from a single compact callus, which was induced on medium No. 1 (1 mg l Ϫ1 2,4-Dϩ0.01 mg l Ϫ1 BA) (see Table 1 ).
Experiment II: In April and May 2004, the immature inflorescences were collected to examine the effects on the size of explants (inflorescences) on callus induction. Four categories divided by size of immature inflorescences namely, less than 20 mm, 20-30 mm, 30-40 mm and longer than 40 mm, were prepared from variety 'Miyako' and 'Belair' grown in the field. Sufficient number of inflorescences shorter than 20 mm in 'Belair' was not able to collect. Callus induction media (Medium No. 1-10 as shown in Table 1 ) and the regeneration medium was the same one in used Experiment I.
The frequencies of callus induction within each size category of immature inflorescence are shown in Table 2 . Comparing the callus induction frequency of both varieties, 'Miyako' was higher than 'Belair'. Both varieties also showed a tendency toward high frequency callus formation from the inflorescences of earlier developmental stages (Ͻ20 mm in 'Miyako', 20-30 mm in 'Belair'). In the case of 'Miyako', it was 72.5% in developmental stages shorter than 20 mm, while in 'Belair', it was 11.8% in developmental stages of 20-30 mm. The callus induction frequency decreased with the progression of the developmental stage of the inoculated inflorescences. The production of callus is influenced by the length and stage of the inflorescences (Ahn et al. 1985; Creemers-Molenaar et al. 1988; George and Eapen 1990) . Our results correlate with those findings.
Most of the calli were friable, and the calli were induced from the base parts of the floret rather than a pistil organ such as an ovary and ovule ( Figure 1A , B, C). In 'Miyako', a few compact calli were induced from the inflorescences of each developmental stages, Ͻ20 mm (4.5%), 20-30 mm (4.3%) and 30-40 mm (0.7%) in length ( Table 2 ). The compact callus were found mainly to be small, round and with dense cytoplasm compared to friable callus, which were large, elongated, highly vacuolated structures ( Figure 1D ). The compact calli isolated from explants were transferred to the regeneration medium, and multiple shoots developed about 30 days after the transfer (Figure 1E, F, G) . The shoots thus obtained were subsequently transferred to the LS medium without hormones for the further development of the roots ( Figure 1H ).
The frequency of shoot formation was calculated by the following formula: (No. of compact calli having formed shoots)/(No. of compact calli which were transferred to the regeneration medium)ϫ100. This frequency was 80% (data not shown) from the compact calli cultured in the callus induction medium No. 7 (2 mg l Ϫ1 2,4-Dϩ0.1 mg l Ϫ1 BA, see Table 1 ). However, a low frequency of shoot formation was observed in the compact calli cultured in medium No. 3 (1 mg l Ϫ1 2,4-Dϩ0.01 mg l Ϫ1 BAϩ200 mg l Ϫ1 casein hydrolysate, see Table 1 ) and No. 8 (2 mg l Ϫ1 2,4-Dϩ0.01 mg l Ϫ1 BA+200 mg l Ϫ1 casein hydrolysate, see Table 1 ). The application of casein hydrolysate and inositol to the callus induction medium resulted in a high frequency of plant regeneration in other turfgrass (Wang et al. 2002) . However, no clear relationship could be found between the frequency of plant regeneration and the medium condition in the present study.
A recurring theme in cereal tissue culture is varietal differences in the response of cultures. (Mikami and Kinoshita 1988; Powell and Caligari 1987; Tomes and Smith 1985; Ogawa et al. 1996 Ogawa et al. , 1999 Cardona and Duncan 1997; Chaudhury and Qu 2000) . In this study, the existence of varietal differences in plant regeneration from immature inflorescence was also observed, and regenerated plants were obtained only in the case of the 'Miyako'. In this study, plant regeneration was observed efficiently when the compact calli forming in the callus induction medium No. 7 (LSϩ4 mg l Ϫ1 thiamine-HCl, 100 mg l Ϫ1 a-ketoglutaric acid, 2 mg l 0.5% gelrite) by using young immature inflorescences shorter than 20 mm in length. This is the first report used to obtain plant regeneration from the immature inflorescences of zoysiagrass. The method presented here will be useful in biotechnological approaches to improve zoysiagrass through in vitro induced artificial mutations using radiation such as X-ray, gamma-rays and ion beams.
